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To facilitate the understanding of the anatomical localization of pulmonary lesions and to optimize diagnostic 
evaluation, a template was designed which, on conventional chest X-rays, could be employed to discriminate 
between central and peripheral pulmonary lesions. The term ‘central’ implies that the lesion should be visible 
in the tracheobronchial tree through a fibre-optic bronchoscope, and the term ‘peripheral’ suggests that the 
lesion is not visible through a bronchoscope. In 20 patients examined by fibre-optic bronchoscopy, the 
bronchoscope was wedged into four pre-selected segmental bronchi in each lung. Using fluoroscopy, the tip of 
the bronchoscope was marked out on the skin with leadshot. On subsequent chest X-rays, with posterior- 
anterior and right lateral views, the distances and angles of the markings of the bronchi were mapped out in 
relation to the main carina. These data were used to design the template. 
Introduction 
There are divergent opinions whether the initial 
invasive diagnostic procedure in the evaluation of a 
peripheral pulmonary lesion should be fibre-optic 
bronchoscopy (FOB) with transbronchial biopsy or 
percutaneous transthoracic needle biopsy (TNB) (1). 
The diagnostic yield depends on the localization of 
the lesion in relation to the ‘generation’ or order of 
the bronchus. The yield of FOB is highest in lesions 
located no further than the fourth order subsegmen- 
tal bronchus, while TNB has the highest yield 
in lesions located peripheral to the subsegmental 
bronchus (24). 
In order to obtain a better understanding about the 
anatomical localization of pulmonary lesions and 
to optimize diagnostic evaluation, a template was 
designed which, when superimposed on a conven- 
tional chest X-ray, could be used to discriminate 
between central and peripheral lesions. The term 
‘central’ implies that the lesion should be visible in 
the tracheobronchial tree through a fibre-optic 
bronchoscope, and the term ‘peripheral’ implies that 
the lesion is not visible through a bronchoscope. 
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Material 
Twenty non-obese patients [12 men, median age 64 
years (range 4479), median height 170 cm (range 
16OG184), median weight 66 kg (range 40-89)], 
referred to FOB because of peripherally located 
pulmonary lesions, agreed to participate in the study. 
All had a normal chest cage and none had atelectasis, 
pleural effusion or distortion of the bronchial tree. 
Fluoroscopy was employed routinely to localize the 
pulmonary lesion. 
Methods 
FIBRE-OPTIC BRONCHOSCOPY 
Fibre-optic bronchoscopy was performed under 
local anaesthesia and under sedation with benzo- 
diazepine. The Olympus fibre-optic bronchoscope 
20D (diameter 5.8 mm at the distal tip) was used. The 
patients were examined in the supine position (5). 
The operator wedged the bronchoscope successively 
into four segmental bronchi (Nos. 1,4, 6, 10) in each 
lung. The patient was instructed to take a full inspi- 
ration and to hold his breath. Under fluoroscopy, an 
assistant marked out the position of the tip of the 
bronchoscope with 4 mm leadshot fixed in place on 
the chest wall with adhesive tape. This procedure was 
performed in both posterior-anterior (PA) view and 
right lateral (LAT) view. After FOB, the incisura 
jugularis and the xiphoid process were marked out 
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Fig. I In 20 patients, breathholding in full inspiration, the 
operator wedged the fibre-optic bronchoscope into four 
segmental bronchi in each lung. The assistant, under fluor- 
oscopy in posterior-anterior (PA) view, marked out the 
position of the tip of the bronchoscope with leadshot on 
the chest wall. On a subsequent chest X-ray in PA view, the 
position of the markings in relation to the main carina 
were measured out and superimposed on a proxy X-ray. 
Markings indicate first (0), fourth (a), sixth (V), and 
tenth (0) segmental bronchus. 
with leadshot, and a S-cm long metal pin was placed 
on the lower part of the sternum. 
ROENTGEN TECHNIQUE 
Fluoroscopy was performed with a Philips cardio- 
scope U prototype, using an approximate film-focus 
distance (FF) of 1.5 m. Chest X-rays were taken 
during full inspiration, one anterior-posterior (AP) 
view in the supine position, and two in the erect 
position in PA and right LAT view. This was part of 
the routine procedure after FOB. The radiographs 
were taken at 133 kV, 1-2 mAs and a FF of 1.5 m. 
The magnification factors were assessed from the 
metal pin on the sternum. Average magnification 
factors were 1.07 (PA view), 1.20 (LAT view), and 
1.16 (AP view). 
ANALYSIS OF CHEST X-RAYS 
The positions of the leadshot markings on chest 
X-ray in PA and right LAT view are shown in Figs 1 
and 2. On PA view, the main carina was chosen as 
the fixed point and a line drawn longitudinally 
through the middle of the trachea was chosen as 
the reference line. Additional lines were drawn from 
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Fig. 2 In 20 patients, breathholding in full inspiration, the 
operator wedged the fibre-optic bronchoscope into four 
segmental bronchi in each lung. The assistant, under fluor- 
oscopy in right lateral (LAT) view, marked the position of 
the tip of the bronchoscope with leadshot on the chest wall. 
On a subsequent chest X-ray in right LAT view, the position 
of the markings in relation to the ‘carina’ of the left upper 
lobe bronchus was measured out and superimposed on a 
proxy X-ray. Markings indicate first (0), fourth (A), sixth 
(V), and tenth (0) segmental bronchus. 
the main carina to all leadshot markings, and the 
distances were measured in mm. The angles from 
the reference line to the leadshot lines were then 
measured out in degrees. 
On LAT view, a ‘horizontal’ line was drawn 
through the distal part of the ‘carina’ (the main 
carina in LAT view is hardly recognizable but the 
measurement was made from the best defined and 
distally located lumen, which in most cases is the 
left upper lobe bronchus) to the anterior and 
posterior pleura. A line was then drawn through the 
incisura jugularis perpendicular to the horizontal 
line. The distances were measured in mm, the 
anterior part was named ‘a’, the posterior part ‘b’ 
and the perpendicular part ‘c’. 
In one patient, a chest X-ray was mislaid and only 
part of the measurements were obtained. In two 
women, the leadshot in the lateral thoracic region 
was displaced due to laxity of the skin, and the 
measurements on LAT view were excluded. 
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Fig. 3 Templates designed for use on chest X-rays in posterior-anterior (PA) and right lateral (LAT) view. CA, carina: 
CA-T, the carina-tracheal reference line. 1, 4, 6 and 10, segmental bronchi in right (R) and left (L) lung. Lines were drawn 
from carina to the segmental bronchi, using the mean value of measured angles from the reference line and the mean value 
of the measured distances from the carina. The polygon discriminates central from peripheral areas in the lungs. 
Results 
A correlation existed between body height and the 
thoracic measurement (a+b+c): r=0.68, P<O 002. 
The regression equation was: y (height) = 
1,06x(a+b+c) +139. There was no correlation 
between body weight and any of the measured 
variables. 
DESIGNING THE TEMPLATE 
Two templates of plexi glass were produced, one in 
PA and one in right LAT view (Fig. 3). The template 
‘carina’, simulating the main carina, was used as a 
fixed point. The template ‘trachea’, simulating the 
trachea, was a fixed line drawn through the ‘neck’ of 
the figure. From the main carina, lines were drawn at 
the measured (average) angles from the fixed line to 
the segmental bronchi. On these lines, the (average) 
distances to the segmental bronchi were marked out. 
Finally, the points were connected by a line delineat- 
ing a figure with the shape of a polygon, separating 
central and peripheral segmental bronchi. One cm 
was added to the diameter of the polygon in order to 
include the fifth order bronchi. 
Discussion 
In order to decide which invasive diagnostic pro- 
cedure should be used to obtain the highest diagnos- 
tic yield, it is essential to distinguish between central 
and peripheral pulmonary lesions (24). In central 
malignant pulmonary lesions, FOB has a diagnostic 
yield of approximately 90% (5), while the yield 
of FOB with transbronchial biopsy in peripheral 
malignant lesions varies from 40 to 78% (611). 
Gaeta et al. (4) viewed CT scans of the thorax in 
patients with peripheral bronchogenic carcinomas, 
examined with FOB. They reported a 90% success 
rate of transbronchial biopsy and brushing in 
patients where ‘the bronchus sign’ was observed at a 
fourth order bronchus, compared with a 33% success 
rate when the bronchus sign was observed at fifth to 
seventh order branches (4). Other authors have 
reported that with FOB with fluoroscopy, using 
brush biopsy and bronchial washing, it is possible 
to make a cytologic diagnosis in 78% of patients 
with peripheral tumours not visible at bronchoscopy 
(11). 
Transthoracic needle biopsy has a diagnostic yield 
of approximately 85% in peripheral malignant 
lesions (12-15). Gibbs and Hayata (16,17) define a 
peripheral bronchogenic carcinoma as one arising 
distal to a third order segmental bronchus. The 
bronchi of third and fourth order have diameters of 
5.7 and 4.9 mm (18), respectively, which is similar to 
the diameter of 5.8 mm of the tip of the most 
frequently used fibre-optic bronchoscopes. 
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On a chest X-ray, the trachea and main carina are 
easily defined and suitable as fixed points. In many 
patients, the first order main bronchi can be 
recognized as well, but it is not possible to discrimi- 
nate subsequent generations of bronchi. The template 
is placed on the chest X-ray with the template carina 
superimposed on the main carina, and the template 
reference line through the middle of the trachea. 
Pulmonary lesions situated within the template poly- 
gon are denoted ‘central’ and lesions situated outside 
are denoted ‘peripheral’. 
When using the main carina and the pleura as fixed 
points, the observations on PA view are, by and 
large, independent of the fat and muscle layer of the 
thoracic wall. The measurements performed in the 
PA view were subject to magnification which was 
insignificant at the level of the sternum. However, the 
bronchial tree is located approximately in the middle 
of the thorax, implying that the magnification factor 
is between 1.07 and 1.16. In the analysis of the chest 
X-rays, the leadshot markings on the LAT view are 
crucial, but display greater variation, especially in 
the lateral thoracic region, where the skin and 
subcutaneous layers may be more mobile. 
The bronchial tree is flexible and the main carina 
moves proximal-distal synchronously with the respi- 
ratory movements. It is, therefore, of importance that 
the level of respiration is similar when the leadshot 
markings are placed under fluoroscopy and at subse- 
quent chest X-rays, where distances and angles are 
measured out. Consequently, both procedures were 
performed at full inspiration. 
The practical implications of the template should 
be evaluated in larger series of patients, in whom the 
template-derived classification of pulmonary lesions 
on chest X-ray is compared with the macroscopic 
findings at fibre-optic bronchoscopy. 
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